Abstract
Introduction
Farmers from developing countries are connected to consumers in global markets through a series of arrangements that range from spot market transactions over contracts to full vertical integration of ownership of all transaction stages. The effects of these different arrangements -or modes of vertical coordination -on the participants of the modern agro-food sector are highly debated. While one group of studies points to severe consequences of the exclusion of smallholders from global markets (Reardon, Barrett, Berdegué, & Swinnen, 2009 ) and raising income inequality with the proliferation of contract farming schemes (Little & Watts, 1994) , another group of studies argues that rural areas can benefit from participation in global trade because of (i) positive effects of participation in export on farmers' productivity (Minten, Randrianarison, & Swinnen, 2009 ), (ii) employment opportunities (Maertens & Swinnen, 2009 ) and (iii) access to technology, inputs and investment (Gow & Swinnen, 1998) . Many of these benefits are, however, available mainly to vertically integrated farms (Dries & Swinnen, 2004) .
Taking the case of striped catfish 1 farmers in Vietnam, this paper investigates welfare effects of different vertical coordination options, namely contract farming and full vertical integration of catfish farms by processing companies. Catfish is a farmed freshwater fish that is marketed under several other names: pangasius, swai, basa, river cobbler or iridescent shark. The catfish export chain is a relevant case for a study of vertical coordination outcomes for several reasons. With substantial markets in more than 100 countries worldwide, total production of over 1 million metric tons and an export turnover of more than USD 1 billion, the Vietnamese catfish has become a major global industry over the past decade (Phuong & Oanh, 2010) . The increase in export volumes was followed by changes in sector organisation and governance structure. Bosma et al.
(2011) report a growing trend for vertical integration of farms by processing companies in the sector. It is not known how these changes affect participants, as the sector has scarcely been studied until recently, when several studies investigated the broader political-economic setting in which the industry has developed (Belton, Little, & Sinh, 2011; Loc, Bush, Sinh, & Khiem, 2010) .
In this paper we assess the welfare effects of different vertical coordination options in the catfish sector. In particular, we compare the outcomes from farming catfish as either nonintegrated, contract or estate farmer. We aim to answer several questions: Who benefits from vertical coordination in the sector? What is the best governance option for the average farmer? What is the best governance option for the whole sector? Understanding the incentives and outcomes of participation in different institutional arrangements may lead to better arrangements for production of high-value export commodities and improved smallholder welfare in developing countries.
The analysis is based on an original dataset from the Vietnamese catfish sector and qualitative interviews with key actors from the sector. We aim to contribute in three ways to the literature on the consequences of transformation of agri-food sectors, where contract farming and vertical integration are recurrent themes.
First, we simultaneously compare the effect of two vertical coordination forms on farmers' welfare. The impact of contract farming on smallholders' livelihoods has received sizeable attention (see Bellemare, 2012; Miyata, Minot, & Hu, 2009; Warning & Key, 2002) , but only Maertens and Swinnen (2009) compare the effect of contract farming and employment on industrial farms with non-participation. They estimate the effects of contract farming and employment, respectively, using propensity score matching, thereby assuming that conditioning on observable variables is sufficient for determining the causal effect of vertical coordination on household welfare. As processing companies may choose employees on the estate farms and contract farmers based on unobservable characteristics, such as effort or managerial abilities, we use an instrumental variable approach. Specifically, we estimate the impact of contract farming and estate employment using the maximum simulated likelihood estimator developed by Deb and Trivedi (2006) . Second, unlike studies that compare producers in the export sector with producers that exclusively sell in the domestic market (for example, Maertens & Swinnen, 2009 ), we estimate the welfare outcomes for three groups of farmers that all participate in the catfish export sector based on the chosen governance structure. Third, we use a combination of quantitative and qualitative methods to understand and explain individual and contextual drivers of vertical coordination, and to elicit the functional relationship between farmers' welfare and vertical coordination.
Our results show that the gain from participating in intensive export sectors depends on the governance structure. Although belonging to a high-value export sector is not conditioned by contracts, we find that producing under contract has a positive effect on consumption expenditure when evaluated against the situation of non-integrated farmers.
Conversely, we find no difference in welfare between estate farm employees and nonintegrated farms. Thus, our results imply that traditionally vulnerable groups -such as landless wage labourers who work on estate farms -are not left behind in the process of rapid transformation of rural economies with the arrival of high-value export sectors because they can look for employment on estate farms and thereby achieve the same level of wellbeing as the non-integrated farmers.
Overview of the Catfish Sector
Vietnam has been the home of intensive aquaculture production since the 1990s -a period of high investments in production of several exportable species of shrimp and white fish. The catfish sector developed in rural areas of the Mekong River Delta (MRD) from subsistence farms that grew catfish for personal consumption. Catfish was sold in local markets until the early 2000s, when pond cultivation became intensified to accommodate the growing interest in export.
The current catfish farming area is around 6,000 hectares (Dzung, 2011) . In 2010, farmers produced 1.35 million metric tons of catfish and exported 660,000 metric tons of frozen catfish fillets bringing the USD 1.43 billion of export revenue (Dzung, 2011) .
Catfish is currently the second most exported commodity in terms of volume, after rice.
The sector is based on intensively farmed holdings (Phan et al., 2009) . Accompanying the development of intensive farms was a growth in the number of hatcheries, nurseries and processing companies. Processing companies are involved in primary production through contracts or direct farm ownership and management.
The development of the sector has not been without disturbances. Vietnam faced trade disputes with the USA in 2002-2004 over the use of the name catfish, which in the USA remained reserved for the local channel catfish (Cuyvers & Binh, 2008) . As a result, the share of catfish exported to USA decreased from 80 to 4 per cent (WWF, 2010) . In 2010, catfish appeared on WWF's Red List that advises consumers against buying unsustainable products. Soon after, it fronted negative publicity in European media for being unsafe for consumption due to intensive use of antibiotics in production and negative environmental impact (Bush & Duijf, 2011) .
Concurrent with the global financial crisis, demand fluctuations and price volatility caused financial losses to 50 per cent of catfish farmers (Sinh & Hien, 2010) . These changes affected small-scale farmers, who switched to producing less capital-intensive aquaculture species or agricultural commodities, leasing their ponds and becoming employed by processing companies. Overall, between 30 and 50 per cent of farmers stopped producing catfish since 2009 when the number of farmers was around 4,000 (SFP, 2011; Vietnamnews, 2011) .
All of these events, to which catfish producers and processors needed to adapt, influence the structure of the sector. The loss of the American market called for new product outlets. At first, the surplus went to the EU countries, but with the strict food regulation for imported products, the market absorbed only the highest quality products. The socalled second grade products are sold at a lower price in Eastern Europe, Middle East and Latin America.
Study area and data
The analysis is based on the data obtained through qualitative interviews, farmer survey, field observations and published material. The data collection took place from April to 
Analytical Framework

Theoretical Background
A multitude of institutional arrangements can be found in modern value chains, where incentives of firms to vertically integrate primary production, to contract out or to rely on spot markets arise as a response to market imperfections (Williamson, 1975) . Vertical coordination is an umbrella term used for describing institutional arrangements occupying a range between spot market exchange and full ownership management.
Various forms of coordination exist between these two extremes, but production contracts are the most relevant in the agri-food sector in developing countries ). Marketing contracts and resource providing contracts are the two most common types. Marketing contracts are agreements between a contractor and a supplier that specify some form of a price and outlet ex ante, while resource providing contracts (also called outgrower) include farm assistance, such as extension and management services, inputs or credit supplied by the contractor (Swinnen & Maertens, 2007) . While spot markets assume coordination of activities in the value chain through price, full vertical integration assumes ownership of adjacent stages of a value chain into one firm.
Especially in the case of developing countries in recent years, there has been a move from spot market transactions toward increasing vertical coordination, where the level of coordination differs between different stages in the value chains (Gereffi, Humphrey, & Sturgeon, 2005) . These trends towards higher degree of coordination are induced by market failures such as asymmetric information, failures in markets for credit, insurance, inputs or services (Key & Runsten, 1999) .
Recent research has investigated how various market imperfections and transaction costs determine organisational structure in a particular sector. After controlling for household characteristics, it was found that farmers who participate in the export sector under different institutional arrangements (contracts or employment) enjoy positive income effects of participation (Bolwig, Gibbon, & Jones, 2009; Minten et al., 2009; Rao & Qaim, 2011) . Thus, in addition to increasing farmers' welfare, vertical coordination arrangements may also carry over positive spill-over effects to the local economy in terms of employment, infrastructure and market development. An adjacent line of research has focused on farm characteristics that favour vertical coordination. In particular, farmers selling to supermarkets dispose higher land and capital endowments, and their production is more specialised (Neven, Odera, Reardon, & Wang, 2009 ).
Whereas firm's choice of governance structure (vertical integration, contract or spot market) depends on terms and conditions it is able to negotiate with farmers, these conditions also determine characteristics of farmers who accept the contract 2 (Key & Runsten, 1999) . alternatives are non-integration (j = 0), vertical integration, that is, estate farming (j = 1) and contract farming (j = 2). Non-integrated farmers sell on the spot market. Estate farmers are employees on processor-owned farms, which are considered fully vertically integrated as a company's share in ownership exceeds 50 per cent. Estate farms initially emerged as a processors' response to weak quality assurance capabilities of farmers, but after the crisis in 2009, the key incentive for the integration became reducing uncertainty through stable fish supply. Contract farmers have either outgrower or marketing contracts with some of the processing companies. The outgrower contracts imply that a processing company supplies inputs (such as fry, fingerlings, feed and medicines) to the farmer, while the farmer delivers specified quantity of the fish of exportable quality. The production process follows the prescribed hygiene rules and ensures low mortality rates of fry and fingerlings. Marketing contract only stipulates quantities and price, with the price being conditioned on the quality test performed right before the purchase. This contract type is found in 83 per cent of contract farms in our sample. The weak contract enforcement makes the ties between processors and farmers much more flexible in case of marketing contracts than in the case of outgrower schemes. Table A1 in the Appendix gives the basic descriptive statistics of our sample that comprises 85 estate, 88 contract and 103 non-integrated farmers. These farm categories are mutually exclusive, that is, a farmer can belong to only one of three groups, because the decision to contract with a processing company or to work on estate farms reflects a commitment that is not partial. Unlike in high-value export sectors in other countries where farmers allocate only part of their land and labour to export activities while continuing to be independent smallholders (see Maertens & Swinnen, 2009) , the catfish farmers dedicate all of the production area to contract farming or become full-time employees on estate farms.
Estimation Strategy
The selection of the vertical coordination form and the resulting outcomes for the farmers are driven by transaction costs, perceptions of the alternatives and, in the context of weak contract-enforcing environment, by trustworthiness, reliability or reputation. These are typically unobserved by the researcher, while processors are more likely to possess such information, or some specific indicator of it. To achieve an unbiased estimate, we use the maximum simulated likelihood (MSL) estimator proposed by Deb and Trivedi (2006) .
We compare the outcome for contract and estate farms with the outcome for nonintegrated farmers, which we believe, constitute a good comparison group. As almost total catfish production is exported, all three groups of farmers sell in the same marketing channel but under different conditions. In this way, we obviate the problem of confounding the effect of vertical coordination with the effect of participation in two different marketing channels: selling in domestic market or for export.
We estimate the following model:
where is the per capita consumption expenditure for household i in the year 2010, are the observed farm characteristics and the coefficients 1 and 2 are the average effects of vertical coordination on per capita consumption. As the decision about vertical coordination is made with future welfare in mind, the decision to integrate is not exogenous. Assuming 1 and 2 are exogenous would result in inconsistent estimates of 1 and 2 . In equation (1), we denote the unobserved characteristics that influence both the coordination decision and welfare as and coefficients associated with unobservable characteristics as . Thus, conditional on both the observables in x i and the unobservables in , the estimated partial effect of integration can be considered as the causal effect. The independently distributed random error is denoted as .
We use the consumption expenditure as the dependent variable because it is 'a more useful and accurate measure of living standards than … income' (Deaton and Grosh, (2000, p. 94) . Consumption expresses the welfare in terms of resources and prices; it reflects the longer-term living standard, surpassing the problem of seasonal changes in income or poverty status and respondents may be more reluctant to truthfully share information on income (Chen & Ravallion, 2010; Deaton & Grosh, 2000) . Consumption expenditure is also preferred because the welfare effect measured in terms of income may be imprecise as different types of costs are faced by three groups of farmers, especially in terms of loan interest rates and investment. For example, processing companies are the ones investing in estate farms, not the farmers who work on these farms. Comparing the income levels would in this setup overestimate the welfare effect of estate farming.
We use the yearly per capita consumption expenditure created from recall information about respondents' daily expenditures on food, drinking and smoking, monthly expenses for water, electricity and telephone and yearly expenditure on clothing, education, healthcare, transport, house rent, transfer payments and festivities. The questionnaire contained enough space for naming other relevant expenses in case that the list of specific items was not comprehensive enough. All expenses apart from production inputs were added so they can represent an indicator of the living standard over the year (Ravallion & Chen, 2005) . Further, per capita consumption expenditure was calculated using the OECD adult equivalence scales (OECD, 2009).
The controls, include a range of household and farm characteristics, as well as the variables for proximity to markets and services, which are described in Table A1 in the Appendix. Individual farmer and household characteristics (for example age, education, household size and composition) and ownership of assets (production and household assets) may affect the probability of vertical coordination. In the context of this study, it is expected that younger and better-educated farmers have greater chances of benefiting from contracts and employment on the estate farms, as found in previous studies (Barrett et al., 2012) . While the experience with fish farming may be important for contracts, it is not crucial for the employment on the estate farms where processors look for specialised skills and higher education. Household characteristics, such as household size and composition are important determinants of the effects of vertical coordination. They measure the household labour endowment so the expected relationship with consumption is positive. The relationship can, however, be negative depending on the structure of expenditures (Deaton & Grosh, 1998) .
Farm resource endowments are potentially positively related with consumption expenditure and vertical coordination. Larger farms are probably more attractive to processors as they enable benefiting from economies of scale (Maertens and Swinnen, 2009 ). We control for the effects of household endowments through an asset index, which represents a stable measure of household welfare (Carter & Barrett, 2006) .
Farmers must have access to information about best farming practices, which they are likely to obtain from other farmers during local community meetings. Therefore, the expected relationship between consumption and attendance of community meetings is positive. Renting land for catfish production deters vertical coordination. As religious groups may be inclined to collaborate more closely (Bandiera & Rasul, 2006) , we expect to find a positive relationship.
Processors may prefer to contract or establish farms in convenient locations, so we farmer's exposure to the information about vertical coordination, it may not affect how much the farmer will profit from it. We expect to find a negative relationship between consumption and distances from buyers and health centres, which would indicate overall remoteness from major markets, services and sources of information. We expect to find a positive relationship between the average price of catfish in the village and consumption as higher prices would positively translate into higher revenue and income available for consumption.
The estimation of the impact of vertical coordination on household welfare proceeds as in Deb and Trivedi (2006) . When 1 > 0, farms owned by processing companies (estate farms) have higher per capita consumption than non-integrated farms, on average, and when 2 > 0, contract farms have higher per capita consumption than non-integrated farms, again on average. Apart from enabling us to compare effects of two forms of vertical coordination, the joint model allows direct interpretation of selection effects through factor loadings 1 and 2 . If 2 > 0, the unobserved characteristics that induce a farmer to participate in contract farming are associated with a higher consumption.
Because better-skilled farmers are expected to opt for contract farming, 2 > 0 is interpreted as evidence of favourable selection. Adverse selection is present if 2 < 0.
Analogous interpretations apply to 1 with respect to estate farms.
In previous research, participation in contract farming has been instrumented using a randomly assigned hypothetical measure of farmers' willingness to pay for participation in contract farming (Bellemare, 2012) , membership in a farmer group (Rao & Qaim, 2011) , distance between respondent's farm and the farm of the village leader (Miyata et al., 2009) , transaction costs related to the purchase of inputs (Roy & Thorat, 2008) and measures of respondent's trustworthiness (Warning & Key, 2002) . We take a different route and use two instrumental variables that capture network and information effects to remedy endogeneity problems in the estimation.
The choice of instruments is based on the observation about the strong influence of social collateral and information on vertical coordination outcomes . By this, we assume that the costs of search, selection, information, procurement and investment decrease with the proximity and the knowledge about primary production. We use two village-level indicator variables as instruments, because the occurrence of vertical coordination in a certain area might imply lower transaction costs for processors.
Expecting to observe a positive relationship between the history of contracts in a certain village and subsequent occurrence of contracts, the first instrument is the number of years since the first contract in the village. In similar vein, the second instrument is the share of estate farms in a specific village, assuming that processors will have lower cost of establishing links with farmers in familiar localities. Both of our instruments help to partial out the bias caused by individual predispositions. Using the prevalence of different forms of vertical coordination in a particular area in previous years that can be considered exogenous with respect to individual-specific unobservable factors and household welfare enables us to decrease the endogeneity bias.
Results
Determinants of Vertical Coordination
In this section, we analyse which variables can inform on vertical coordination status of a farm. As Table 1 shows, the vertical coordination depends on several indicators of human, social and physical capital of catfish farmers. Columns (1) and (2) show results from the multinomial logistic regression; columns (3) and (4) show the first stage results from the 2SLS estimation with instrumental variables and columns (5) and (6) Column (3) in Table 1 shows a positive relationship between the aquaculture area size and the likelihood to be estate farmer. A positive relationship is also found for the multinomial logit estimation in column (1) and the MSL estimation in column (5), but the magnitude is not statistically significant. Estate farming is more likely for younger farmers with smaller households, whereby processors prefer investing in larger farms where they employ workers who still have not started their families. Possibly the inability of farmers to farm on their own -seen as the inability to secure sufficient amount of capital and support through a business network -leaves them with no other choice but to become employed by a processing company. This was corroborated in our qualitative interviews where several interviewees mentioned that they would gladly establish their own farm were it currently affordable. Just as contract farming, estate farming is more likely if the household head attends community meetings. The probability to produce under contract increases if the household head has completed any form of secondary education. Experience with catfish production negatively affects the probability of contract farming, implying that processing companies possibly look for specific skills rather than experience in choosing contract farms. Contracts are more likely for farmers who attend community meetings and who are not religious. Farmers who observe higher village-level prices of catfish are more induced to contract.
The instruments significantly predict the vertical coordination outcomes. The statistical significance of the first instrument -the share of estate farms in a specific village -is high for the estate farm outcome and the sign is consistent with our expectations: higher prevalence of estate farms in a specific village increases the likelihood of finding employment on estate farms. At the same time, higher incidence of estate farms decreases the likelihood of contract farming, shown in columns (2) and (4). The presence of estate farms for contract outcome is not significant in the MSL estimation in column (6). The second instrument -number of years since the first contract has been signed in the village -is statistically significant. The direction of influence is positive for both contract and estate farms. This finding means that the early adoption of contract farming in a specific village will increase the probability of contracting more farmers in the future, and it will also increase the probability of establishing estate farms. The F-statistic for a test of joint significance of the two used instruments is 21.74, precluding weak instrument concerns (Stock & Yogo, 2005) 3 . (1) and (2) show marginal effects. Significance levels: * p<0.10, ** p<0.05, *** p<0.01. Robust standard errors clustered at village level are in parentheses. Estimation results are probabilityweighted. a MSL stands for maximum simulated likelihood treatment regression. Table 2 shows that consumption expenditure depends on the farm type. The relationship is seen applying the OLS, 2SLS and treatment MSL estimation. Using different estimators, we show a positive impact of contract farming on household welfare.
Welfare Effects of Different Vertical Coordination Forms Panel (a) in
The OLS regression shows that securing a contract with a processing company can potentially increase household welfare by 27 per cent. Controlling for the unobserved heterogeneity with 2SLS and MSL estimators, we obtain about four and three times higher impacts, respectively. The effect of contract farming in the 2SLS regression in column (2) is the highest at 112 per cent, surpassing the 90 per cent gain obtained in the MSL estimation. In contrast, the effect of estate farming is not significant even at the 10 per cent level of significance in any specification.
In Table 2 we observe that farm size, age of the household head, labour endowments and asset ownership positively affect consumption expenditure. Likewise, being able to rent land secures higher welfare. Average village-level prices for catfish are positively correlated with consumption, but the size of the coefficient is too small to bear any economic significance. Also, we observe a negative association between larger households and welfare.
The lower section of Table 2 shows the MSL estimates of the unobserved heterogeneity bias. Selection on unobservable characteristics appears to be important for both estate and contract farms. The sign of the latent factor λ 1 is positive and statistically different from zero, indicating a positive selection into estate farming based on the unobservable characteristics relative to that of a random farmer. The sign of the latent factor λ 2 is negative and significant at one per cent significance level, suggesting that unobserved characteristics, which increase the probability of belonging to contract farming group also lead to lower household welfare. This may imply that contracts are appealing to somewhat poorer households with worse relationships with the industry. Conversely, the wealthier households may not need contracts as they can potentially rely on personal connections (unobservable) to secure sales. This explanation seems plausible as the importance of personal ties when choosing suppliers was emphasised in the qualitative 16 interviews with industry representatives. Underscoring this observation, a recent study (Belton et al., 2011) points out the importance of social and political capital in the catfish sector in Vietnam. Describing the labour market in MRD, Akram-Lodhi et al. (2007, p. 168) state that 'labour is typically hired from family and social networks, in order to ease transaction costs'. There may be a concern that the identified farm categories are not comparable, violating the common support assumption. In other words, composition effects and heterogeneous characteristics of the three groups may influence some of our findings. Contract farms have the highest spread of expenditure (Figure 1 in the Appendix), so it may be that our result, which measures the mean impact, is driven by a few observations with extreme expenditure levels and that these farmers do not have their counterparts in other two groups of farmers. To avert this concern, we calculate propensity scores (PS) -a conditional probability of receiving the treatment (Imbens & Wooldridge, 2009 ), based on the observed farmer characteristics. First, we compare non-integrated and contract farmers in the nearest neighbour matching estimation and then compare non-integrated and estate farmers using the same method. Based on the first PS estimation, we find that 10 farmers do not have counterparts in the comparison group (96% fall in the common support range) and in the second estimation we find the same for 44 farmers (84% in the common support). Thus, based on observable characteristics, 9 non-integrated farms would never be classified as contract farms and 37 could never be classified as estate farms.
In panel (b) of Table 2 we show that restricting the sample to observations within the common support range yields similar results about the impact of vertical coordination on farmers' welfare. Compared to the full sample, the magnitude of the effect is similar in the OLS and 2SLS estimations (columns (4) and (5)), while the magnitude in the MSL estimation is 25 percentage points lower (column (6)). All estimators on the reduced sample show significantly positive impact of contract farming on welfare. The size of the effect is slightly smaller than for the whole sample, implying that contracts lead to 65 to 102 per cent higher levels of consumption expenditure for participants. Our combined results, thus, point to large gains from contract farming.
A significant positive impact of contract farming on consumption from our study is comparable to the impact of 50 per cent in Bellemare (2012) , 32 per cent in Warning and Key (2002) and 39 per cent in Miyata et al. (2009) . Our result is different from the study on vertical coordination in Senegal (Maertens and Swinnen, 2009) , which shows that both contract farming and employment on industrial farms increase household welfare.
Although we do not find significant welfare gains for employees on estate farms, we side with Maertens and Swinnen (2009) in concluding that contract farms have higher welfare levels than both non-integrated and estate farmers.
Finding no difference in welfare between employees on estate farms and non-integrated farmers is also an important result. Our study shows that the emergence of intensive export sectors is not biased against landless workers who cannot afford to establish their own production. Bearing in mind that the estate farm employees are not landowners, observing that their livelihoods are not different from non-integrated farmers could mean that non-integrated farmers are the most vulnerable group in the sector. High transaction costs and information asymmetry, when coupled with a weak contractenforcing environment, which is prominent in developing countries, give rise to vertical coordination of primary production and processing, and our sample has almost identical shares of contract and estate farms. However, the main type of contract employed is a marketing contract, which does not include transferring production or management skills from processors to farmers. Some effort should thus be invested in developing contract schemes that convey longer-term technology transfer opportunities.
Conclusion
Given that this study shows higher consumption expenditure, on average, for contract farmers, it follows that rural development initiatives could focus on expanding the activities of processing companies in terms of higher enrolment of farmers for contracting. To enable this, the crucial policy activity in the sector should be directed to creating an environment conducive to participation of non-integrated farmers in contract farming. Increased numbers of contract farmers in the Vietnamese context could be translated into rural poverty reduction. Caution with contract farming schemes should, however, be exercised, as much effort needs to go into the design of contracts that are equitable and inclusive of smallholders who would not be selected for contracting without a third-party intervention.
There are a few remarks about the results. First, contract farmers in this study are identified as having either marketing or production contracts, which could decrease the precision of the result and complicate the comparison of the result with other studies that mostly analyse outgrower contracts. Second, the dependent variable used in the estimation is consumption expenditure, which is not an ideal measure of farm household welfare (Foster & Rosenzweig, 1995) . Ideally, farm profits should have been used had the dataset allowed. Third, the cross-section nature of the data has not allowed assessing the welfare effects over time, so that the unobservable characteristics and endogeneity could be controlled for in a more efficient and consistent manner. However, we hope that this study can serve as a point of departure for further work, especially in comparing the vertical coordination outcomes in the catfish sector with other aquaculture and agriculture sectors. contract 4 , which is to outsource primary production. Subsequently we assess the impact of these two vertical coordination options on farmers' welfare. The decision about vertical coordination is made in light of the costs related to these two institutional arrangements: the higher the costs related to contracting primary production, the greater is the incentive for a processor to internalise production. We believe that a processing company's preferred choice in the catfish sector is to organise own primary production.
This assertion is based on information from several in-depth interviews with processing companies 5 . Also, only 17 per cent of farmers under contract stated that they receive inputs from the company. This low prevalence of the outgrower contract type tells that if companies want to get engaged in primary production, they would prefer to do it on their own, rather than to support farmers' production. This decision is to a large extent supported by high production risks, such as the occurrence of fish diseases, lower quality, limited application of food standards and consequently, unreliable supply. Being less risk averse, processing companies are reluctant to incur costs of avoiding uncertainty.
As an alternative to owning primary production, a processing company can choose to enter into contractual relationship with selected farmers after which it sets the contract conditions. Being more flexible under market uncertainty, contracts enable the processing companies to entirely transfer production risks to farmers (Grosh, 1994; Singh, 2002 ).
The choice for or against contracting is made in the light of information about the profitability: contracts are offered to the farmers whose profitability seems highest.
Further on, the company needs to identify which farmers are likely to be the most profitable suppliers, given the level of uncertainty surrounding farmers' preferences or ability to adhere to the contract (Barrett et al., 2012 ).
4 Our sample shows that a dominant form of contracts signed between processors and farmers are marketing contracts whose specifications refer only to the sale conditions. This is possibly due to the weak contract-enforcing environment, which precludes longer-term commitments. As one contract type highly dominates the other, analysing the differential effects of two contract types is not possible in this study. 5 Several processing companies stated that they are planning to increase sourcing from own production to 100% in the next two to five years. The probable reason for the primary production not being fully integrated at present is that the processors are credit rationed. This is contrary to previous findings (Singh 2002) , which -based on the gains from risk reduction for processorsargue for the benefits of contract over fully integrated farming.
By contracting, a processing company aims to secure a desired quantity of unprocessed fish while minimising production costs and transaction costs. While there are several kinds of fixed transaction costs, such as screening, monitoring and extension activities, there are also transaction costs that are proportional to the size of production, such as transport to the processing facilities. It is the proportional transaction costs that drive processors to contract with larger farmers; as most of these costs are incurred on a perfarmer basis, a processor will minimise the transaction costs it faces by contracting with as few farmers as possible. Also, under a binding limited liability constraint, companies would prefer to contract with wealthier farmers.
A farmer will accept a company's contract offer if his perception about the expected welfare from contracting is at least as high as that of not contracting. Contracts can be appealing to farmers as they can offer insurance against market and production risks, provide access to credit, necessary inputs and information about the uncertainties related to production and marketing of high-value commodities (Barrett et al., 2012) . We extend the rationale to the selection of estate farming for livelihood. Risk aversion is positively correlated with contract farming (Key & Runsten, 1999) and negatively correlated with income (Binswanger, 1980) . It follows that wealthier farmers, who show less risk aversion, would favour contracts. If, on the other hand, the contract entails credit provision, then small, risk-averse farmers would also prefer to sign a contract with a processing company. Likewise, due to lower shadow price for household labour, a contract could be appealing for a smallholder who can use household labour in
production. Yet, if there were other risk-reducing options in the form of non-farm earning opportunities, in spite of their risk aversion, some farmers would decide against contract farming. Assuming that the wage employment is less risky than contract farming, highly risk-averse credit-constrained farmers are expected to choose employment with processing companies.
The implications of the theory are that the spread of gains from farming differ by vertical coordination choice. The benefits of any specific coordination alternative for participants depend on the contract terms and participants' characteristics. The gains from vertical coordination are assumed to be greater for estate and contract farmers than for nonintegrated farms. Furthermore, the decision about estate or contract farming has consequences for the whole sector and broader rural environment. If processing companies choose to work closely with wealthier farmers, poorer producers will fail to benefit directly from different vertical coordination alternatives. Thus, vertical coordination has the potential to affect the way wealth is distributed within the sector, and can impair existing economic patterns (Key and Runsten, 1999) . Table A1 shows that processing companies tend to organise production on larger farms and to hire more full-time workers as this reduces operational costs. Estate farms are on average twice as large as contract or non-integrated farms that set just under 2ha of production surface for catfish farming. Processing companies tend to own land on which they produce catfish; land is rented on only around 35 per cent of estate farms. To start the primary production, processing companies can acquire land use rights from existing farmers or purchase and convert new land 6 . After the land is acquired, processors hire production managers or technicians to manage catfish production according to their precise specifications. Rarely are traditional farmers employed with the intent to manage production for a processing company 7 . This reflects the need of the sector for a workforce endowed with specialised skills or a preference for quickly learning new skills. Table A1 shows that estate farmers have fewer years of experience with catfish farming than contract or independent farmers, but they have higher rate of secondary school completion. The motives for becoming an estate farm employee are primarily monetary, but some have arrived at this position through a combination of factors such as tradition, occupational preference or recommendations from friends or relatives. For 51 per cent of the employees, working on an estate farm is a way of earning higher income, for 22 per cent of them it is the preferred occupation, for 13 per cent of them it is related to their 6 In Vietnam, land is owned by the state, but land titles can be legally transferred, mortgaged or inherited (Ravallion & van de Walle, 2008) . 7 In this case, a farm is sold to a processing company and that the farmer becomes an employee.
Descriptive Analysis
Farm Characteristics
previous work experience and for eight per cent, it is an occupation related to their field of studies. Albeit a part of 'a rapidly emerging class of landless wage labour' (AkramLodhi, 2004, p. 757) , the higher education level of estate farm employees enables them to find employment on estate farms and potentially raise their living standards and wealth.
Work force on estate farms is the youngest, comprising farmers who come from smaller households with fewer children.
The employees on the estate farms form a part of the landless labour force that has either 'lost their land either due to government repossession or a household economic situation' (Akram-Lodhi, Borras, & Kay, 2007, p. 182) or that works on estate farms until establishing their own farms. Estate farms receive all the inputs and equipment required for production from the processing company. The average village-level price for catfish is the highest for estate farms and the lowest in case of non-integrated farmers. In terms of distance to the nearest health centre, estate farms have an advantage over both nonintegrated and contract farms.
Contract farmers have on average less household members engaged in catfish farming, but they participate by 40 per cent more often in community meetings than other farm categories. Secondary education is more common among contract farmers than among non-integrated farmers. Contract farmers are least likely to rent land for catfish production and they have on average four years of experience with catfish more than estate farm employees.
Key motives for entering into contract farming appears to be price stability, as 46 per cent of contract farmers identified stable price as one of the reasons for contracting. Only 18
per cent stated that they expect to obtain higher price through contract. Secondary motives include credit access and more insurance, which were relevant for 36 per cent and 31 per cent of the contract farmers, respectively. Taken together, these reasons for contracting illustrate high instability and competitiveness in the catfish sector. They also illustrate that processors are powerful actors in the sector as they are able to dictate the terms in the market.
The contract arrangements are not exempt from hold-up problems, which arise when the return from the alternative trading arrangement for the farmer is lower than the return from contract. In the catfish sector, processing companies could use quality inspections performed before the purchase, to exacerbate these problems. The quality testing includes analysis of the presence of banned antibiotic residues, inspection of flesh colour and measurement of fish size. Processing companies have been reported to delay the delivery of quality inspection results while waiting for farmgate prices to decrease in the periods of lower demand. In this way, farmers bear huge costs of prolonged feeding, whereas processing companies can coerce them into accepting low prices or unfavourable terms such as staggered or delayed payments (Belton, Little, & Sinh, 2011) . Even though they were put in place to preclude information asymmetry problems, quality inspections could be used to unfairly increase profits for processing companies.
In periods of high demand, processing companies are at risk of default by farmers.
Contract clauses are in principle designed to prevent farmers from 'side-selling' when the market price surpasses the contract price, but the experience has shown that farmers can default without serious consequences by selling output to other processors or middlemen who offer higher prices.
Spot market transactions are still present in the catfish sector, as the high number of nonintegrated farmers in our sample illustrates. In our sample, 75 per cent of farms sell directly to processing companies while the remaining 25 per cent sell to middlemen. The main reason for selling through the middlemen is better accessibility, while the main motives for selling directly to a processing company are guaranteed sales and guaranteed price, followed by access to technical assistance, inputs and credit. The existence of spot market tells that it is possible to participate in a modern export sector without formal arrangements with processing companies. It is possible that this category of farmers is not experiencing adverse effects of the processors' selection process, but that producing independently could have some advantages. Indeed, 61 per cent of these farmers think they are doing better without the contract.
With an average of 10 years of farming catfish, non-integrated farmers are the most experienced. Their farms are, however, located furthest away from the buyers' facilities compared to both estate and contract farms. Non-integrated farmers are more frequently religious than contract and estate farmers. Non-integrated farms are the farms that sell on the spot market, estate farms are processor-owned farms that are operated by hired labour and contract farmers are households producing catfish on contract with the processing companies. There is no overlap between categories: one household can belong to only one category. Significance levels: * p<0.10, ** p<0.05, *** p<0.01. Standard deviation is in parentheses. Expenditure values are expressed in Vietnamese Dong (VND) million. 1 USD ≈ 20,500 VND. Per capita expenditure level is calculated using OECD adult equivalence scales.
The observed farm categories do not defer significantly in terms of the asset index that comprises both production and household assets. This could imply that the rate of success of catfish farmers is potentially determined by the capability to better manage variable costs that arise in production. Table A1 shows that non-integrated farms have the lowest expenditure level, but the difference in per capita expenditure is significantly lower only when compared to estate farms. From the cumulative distribution of consumption expenditure shown in Figure 1 , we see that the expenditure level is similar across the observed farm categories. Even though contract and estate farms have 65 per cent higher expenditure levels than nonintegrated farms when evaluated at the mean, high unconditional distributional Poverty is not common among the surveyed farms. The share of households below poverty line was calculated using the 1.25 USD and 2 USD/day poverty lines for extreme and moderate poverty. These poverty lines were converted to local currency equivalents using purchasing power parity (PPP) exchange rates. The PPP exchange rate of 1 USD to 4,713 VND in 2005 (IBRD, 2008 was updated to 2010 rates using the consumer price index (GSO, 2012) . In the sample, nine per cent of households have consumption level lower than the 1.25 USD/day poverty line and 22 per cent of households have per capita consumption lower than 2 USD/day poverty line. Figure 2 shows that the share of extremely and moderately poor households is highest among non-integrated catfish farms. Estate farms and contract farms have almost identical share of poor households.
Poverty and Welfare
However, in terms of the Vietnamese national poverty line for rural areas, which amounts to 360,000 VND per person per month (GSO, 2011) , only 3 households from the sample can be classified as poor. 
Extremely poor
Moderately poor
